Introduction {#tbed12285-sec-0001}
============

Carnivore parvoviruses are a group of very closely related viruses that infect wild and domestic carnivores, inducing a variety of clinical forms. These may range from subclinical infections to severe, often fatal disease characterized by loss of appetite, depression, fever, leukopenia and haemorrhagic gastroenteritis. In addition to feline panleukopenia virus (FPLV) and canine parvovirus type 2 (CPV‐2), which have been known since 1920s and late 1970s, respectively, additional parvoviruses have been detected in wild carnivores (Decaro and Buonavoglia, [2012b](#tbed12285-bib-0009){ref-type="ref"}). Currently, carnivore parvoviruses are members of the genus *Parvovirus* (family *Parvoviridae*, subfamily *Parvovirinae*) and are considered as host variants of a unique viral species, *Feline panleukopenia virus* (<http://ictvdb.bio-mirror.cn/Ictv/fs_parvo.htm>).

CPV‐2 emergence was associated to a cross‐species transmission of FPLV to dogs through an intermediate host, possibly an unidentified wild carnivore. However, while the latter virus has retained a certain genetic stability (Decaro et al., [2008](#tbed12285-bib-0016){ref-type="ref"}), CPV‐2 has displayed a more complex evolutionary history, which is quite uncommon for a DNA virus (Decaro et al., [2009](#tbed12285-bib-0017){ref-type="ref"}). Soon after CPV‐2 emergence, two antigenic variants, CPV‐2a and CPV‐2b, replaced the original type, giving rise to additional mutants in different countries (Truyen, [2006](#tbed12285-bib-0037){ref-type="ref"}). A further variant, designated as CPV‐2c, was first detected in Italy (Buonavoglia et al., [2001](#tbed12285-bib-0004){ref-type="ref"}) and subsequently spread to other countries (Decaro et al., [2007a](#tbed12285-bib-0014){ref-type="ref"}, [2011](#tbed12285-bib-0020){ref-type="ref"}; Hong et al., [2007](#tbed12285-bib-0029){ref-type="ref"}; Perez et al., [2007](#tbed12285-bib-0034){ref-type="ref"}; Calderon et al., [2009](#tbed12285-bib-0006){ref-type="ref"}; Nandi et al., [2009](#tbed12285-bib-0032){ref-type="ref"}; Decaro and Buonavoglia, [2012a](#tbed12285-bib-0008){ref-type="ref"}).

In Bulgaria, CPV infection was first reported between 1979 and 1981 with 100% morbidity and 85% mortality in puppies up to 2 months old of a shelter housing military German shepherd dogs (Filipov, [1983](#tbed12285-bib-0026){ref-type="ref"}). To date, apart from a report on CPV detection in dogs with diarrhoea (Filipov et al., [2011](#tbed12285-bib-0027){ref-type="ref"}), there is no extensive study assessing the epidemiology of parvoviruses in different carnivore species in Bulgaria.

The aim of this study is to report the results of a molecular survey on domestic and wild carnivores from Bulgaria that spans a 10‐year period (2004--2014).

Materials and Methods {#tbed12285-sec-0002}
=====================

Samples -- animal species, breeds, origin {#tbed12285-sec-0003}
-----------------------------------------

Canine samples (*n *=* *262) were faeces or anal swabs collected *in vivo* or intestinal contents collected at post‐mortem examination from dogs with acute gastroenteritis in 28 sites of 12 towns of Bulgaria (Table [1](#tbed12285-tbl-0001){ref-type="table"}). The sampling sites were 24 veterinary clinics, 1 kennel and 3 shelters for stray dogs. When possible, the anamnesis and clinical history of the samples dogs were recorded, including geographic origin, age, breed, administered vaccines, clinical signs of the patients, preliminary testing with in‐clinic assays and storage of samples. Most dogs, for which there was information about breed, were purebred animals (*n *=* *118) of 36 different breeds, including rottweiler (*n *=* *14), German shepherd (*n *=* *12), spitz (*n *=* *7), pinscher (*n *=* *7), Jack Russell terrier (*n *=* *6), Yorkshire terrier (*n *=* *6), Chihuahua (*n *=* *5), dachshunds (*n *=* *5), Siberian husky (*n *=* *4), Labrador (*n *=* *4), Pomeranian (*n *=* *4), Caucasian shepherd (*n *=* *4), pit bull (*n *=* *4), beagle (*n *=* *3), Bolognese (*n *=* *3), Bulgarian shepherd (*n *=* *3), akitas inu (*n *=* *3), boxer (*n *=* *2), English cocker spaniel (*n *=* *2), Samoyed (*n *=* *2), golden retriever (*n *=* *2), Epagneul breton (*n *=* *2), great dane (*n *=* *1), Corso dog (*n *=* *1), English bulldog (*n *=* *1), Saint Bernard dog (*n *=* *1), Central Asian shepherd dog (*n *=* *1), Bulgarian scenthound (*n *=* *1), American staffordshire terrier (*n *=* *1), Bernese mountain dog (*n *=* *1), fila brasileiro (*n *=* *1), Pekinese (*n *=* *1), bull terrier (*n *=* *1), mop (*n *=* *1), collie (*n *=* *1), drahthaar (*n *=* *1). Mixed‐bred dogs were 75, and no data were available for 69 animals. The feline specimens (*n *=* *19) were freshly collected faeces from 1 siamese and 6 European cats; for most cats (*n *=* *12), no data were recorded. All cats were sampled at veterinary practices in two cities (Sofia and Varna).

###### 

Regional distribution of CPV in dogs with acute gastroenteritis in Bulgaria (2004--2014) and summarized anamnestic data

  Towns   No. of sampling sites   No. of samples   Parvovirus positive samples   CPV type   Parvovirus negative samples                                               
  ------- ----------------------- ---------------- ----------------------------- ---------- ----------------------------- ----- ------- ---- ------- ---- ------ ---- -------
  1       Sofia                   16               163                           139        85.28                         113   81.29   22   15.83   4    2.87   24   14.72
  2       Kozloduy                1                34                            32         94.18                         14    43.75   18   56.25   --   --     2    5.88
  3       Varna                   1                25                            14         56.00                         14    100     --   --      --   --     11   44.00
  4       Plovdiv                 2                14                            8          51.14                         8     100     --   --      --   --     6    42.86
  5       Dobrich                 1                14                            13         92.86                         13    100     --   --      --   --     1    7.14
  6       Stara Zagora            1                5                             5          100                           5     100     --   --      --   --     --   --
  7       Kazanlak                1                2                             2          100                           2     100     --   --      --   --     --   --
  8       Veliko Tarnovo          1                1                             1          100                           1     100     --   --      --   --     --   --
  9       Vratsa                  1                1                             --         --                            --    --      --   --      --   --     1    100
  10      Berkovitsa              1                1                             1          100                           1     100     --   --      --   --     --   --
  11      Samokov                 1                1                             --         --                            --    --      --   --      --   --     1    100
  12      Blagoevgrad             1                1                             1          100                           --    --      --   --      1    100    --   100
  Total   No./%                   28               262                           216        82.44                         171   79.17   40   18.52   5    2.31   46   17.56
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The samples from the wild carnivores (faeces and/or intestines) were collected from foxes *(Vulpes vulpes*,*n *=* *39), stone martens *(Martes foina*,*n *=* *12), jackals (*Canis aureus, n *=* *4), wolves (*Canis lupus, n *=* *1) and badgers (*Meles meles, n *=* *1) in six different regions of the country (Pernik, Razgrad, Kardzhali, Troyan, Harmanli and Velingrad) during the hunting detours. All specimens from the animals were stored at −20°C and tested at different intervals of time.

Field diagnostics with in‐clinic tests {#tbed12285-sec-0004}
--------------------------------------

A total of 120 canine and 14 feline faecal samples were tested by the practitioners by in‐clinic assays for detection of CPV antigen or both CPV and canine coronavirus antigens (Anigen Rapid CPV Ag Test Kit or Anigen Rapid CPV/CCV Ag Test Kit; BioNote Inc., Seoul, Korea) and for FPLV antigen (Anigen Rapid FPV Ag Test Kit; BioNote Inc.) respectively, according to the producer recommendations (<http://www.bionote.co.kr/ANIMAL/ENG/>).

Real‐time PCR assays for CPV detection, quantification and characterization {#tbed12285-sec-0005}
---------------------------------------------------------------------------

The specimens were homogenized (10% wt/vol) in Dulbecco\'s modified Eagle\'s medium (DMEM) with a subsequent clarification by centrifuging at 1500 ***g*** for 15 min. The DNA from each sample was extracted from the homogenates by boiling 200 μl of the supernatant for 10 min and chilling on ice. To reduce residual inhibitors of DNA polymerase activity to ineffective concentrations, the DNA extracts were diluted 1 : 10 in distilled water (Decaro et al., [2005](#tbed12285-bib-0011){ref-type="ref"}, [2006a](#tbed12285-bib-0012){ref-type="ref"}). The extracted DNAs were tested by a TaqMan assay, which is able to recognize all carnivore parvoviruses (Decaro et al., [2005](#tbed12285-bib-0011){ref-type="ref"}). Real‐time PCR was performed using an i‐Cycler iQ^™^ Real‐Time Detection System (Bio‐Rad Laboratories Srl, Milan, Italy), and the data were analysed with the iCycler IQ detector software (version 3.0). Duplicates of the CPV standard dilutions and DNA templates were simultaneously subjected to real‐time analysis. The 25‐μl PCR mixture for one reaction contained 12.5 μl of Supermix 600 n[m]{.smallcaps} of primer CPV‐For (5′‐AAACAGGAATTAACTATACTAATATATTTA‐3′) and CPV‐Rev (5′‐AAATTTGACCATTTGGATAAACT‐3′), 200 n[m]{.smallcaps} of probe CPV‐Pb (5′‐FAM‐TGGTCCTTTAACTGCATTAAATAATGTACC‐TAMRA‐3′), and 10 μl of DNA. The following thermal cycling protocol was used: activation of DNA polymerase at 95°C for 10 min, 40 cycles consisting of denaturation at 95°C for 15 s, primer annealing at 52°C for 30 s, and extension at 60°C for 1 min. The internal control consisted of exogenous DNA, extracted from *Ovine herpesvirus 2* (Decaro et al., [2004](#tbed12285-bib-0010){ref-type="ref"}). For parvovirus characterization, a panel of minor groove binder (MGB) probe assays able to discriminate between CPV/FPLV, CPV‐2a/2b, CPV‐2b/2c and CPV vaccine/field viruses was used. The specificity and sensitivity of all molecular assays used in the study had been previously calculated (Decaro et al., [2005](#tbed12285-bib-0011){ref-type="ref"}, [2006a](#tbed12285-bib-0012){ref-type="ref"},[b](#tbed12285-bib-0013){ref-type="ref"}, [2007b](#tbed12285-bib-0015){ref-type="ref"}).

Results {#tbed12285-sec-0006}
=======

In‐clinic tests {#tbed12285-sec-0007}
---------------

In‐clinic testing gave positive results for 110 of 120 canine specimens (91.67%), and for 12 of 14 tested feline samples (85.71%).

Real‐Time PCR assay/MGB probe analysis {#tbed12285-sec-0008}
--------------------------------------

By qPCR, 216 of 262 canine samples tested positive for carnivore parvoviruses, which were all characterized as CPV by MGB probe assays discriminating between canine and feline parvoviruses. Type‐specific MGB probe analysis determined the CPV variant distribution as follows: 171 strains were type 2a (79.17%), 40 were type 2b (18.52%), and 5 were type 2c (2.31%) CPVs. CPV‐2b showed a very restricted distribution, being detected only in two towns, the capital Sofia, where many veterinary clinics are concentrated, and Kozloduy, where the biggest clinic in North West Bulgaria (Region Severozapaden) is located (Table [1](#tbed12285-tbl-0001){ref-type="table"}).

There was no substantial fluctuation in the variant distribution over the 10 years.

As reported in previous studies (Houston et al., [1996](#tbed12285-bib-0030){ref-type="ref"}; Gombač et al., [2008](#tbed12285-bib-0028){ref-type="ref"}), rottweiler (*n *=* *12) and German shepherd (*n *=* *11) were the most frequent breeds among the CPV‐positive purebred dogs (*n *=* *96).

Eighteen of the feline samples tested positive by the TaqMan assay; 17 of the detected strains were true FPLVs, while one specimen was found to contain a CPV‐2a virus.

Of all 57 samples from wild carnivores, only 2 were parvovirus positive, one from a wolf and one from a red fox, both containing a CPV‐2a strain.

Comparison between in‐clinic testing and real‐time PCR {#tbed12285-sec-0009}
------------------------------------------------------

Three of the 110 canine samples that tested positive by either in‐clinic assays for CPV detection were negative when using qPCR, whereas two in‐clinic assay negative specimens were qPCR positive. One feline sample, positive by in‐clinic test, was negative by real‐time PCR.

Discussion {#tbed12285-sec-0010}
==========

The present study represents the first 10‐year molecular survey for carnivore parvoviruses conducted on domestic and wild carnivores in Bulgaria. The obtained findings, indicating a higher frequency of CPV‐2a in Bulgarian dogs, are in agreement with the results from recent studies in other countries of the Balkan peninsula, such as Albania and Greece (Ntafis et al., [2010](#tbed12285-bib-0033){ref-type="ref"}; Cavalli et al., [2014](#tbed12285-bib-0007){ref-type="ref"}). Only five samples were positive for CPV‐2c (one for the 2004--2010 period), despite the widespread distribution of this virus in western Europe (Decaro and Buonavoglia, [2012a](#tbed12285-bib-0008){ref-type="ref"},[b](#tbed12285-bib-0009){ref-type="ref"}) and the continuous import of dogs in Bulgaria from this area.

As for the feline samples, it is noteworthy that 1 cat with clinical feline panleukopenia was not infected by an FPLV strain, but by CPV‐2a. Cases of feline panleukopenia caused by the CPV antigenic variants have been increasingly reported worldwide and, recently, CPV‐2a and CPV‐2c infections in cats have occurred in Italy (Decaro and Buonavoglia, [2012a](#tbed12285-bib-0008){ref-type="ref"}).

Surprisingly, there was a good correlation between in‐clinic and molecular testing, which is in contrast with the results of previous studies, showing a lack of sensitivity of the rapid assays (Desario et al., [2005](#tbed12285-bib-0023){ref-type="ref"}; Schmitz et al., [2009](#tbed12285-bib-0035){ref-type="ref"}; Decaro et al., [2010](#tbed12285-bib-0019){ref-type="ref"}, [2013](#tbed12285-bib-0022){ref-type="ref"}). However, it could not be ruled out that most practitioners sent us only the in‐clinic assay positive samples, which may have also overestimated the real prevalence of parvovirus infections in dogs and cats with acute gastroenteritis.

In addition, few samples that had tested positive by the in‐clinic assay were not confirmed by real‐time PCR, accounting for lower specificity of rapid testing in comparison with molecular assays rather than for a poor sensitivity of the latter methods. PCR inhibition was also ruled out as specimens that tested negative by real‐time PCR were positive for the internal control.

Another interesting finding of the present report is that the only two parvovirus strains detected in wildlife were both CPV‐2a. While FPLV and all the three CPV variants have been detected in wild carnivores in the USA (Allison et al., [2013](#tbed12285-bib-0001){ref-type="ref"}), in Europe, only FPLV and CPV‐2b have been proven to circulate in wildlife (Battilani et al., [2001](#tbed12285-bib-0003){ref-type="ref"}; Steinel et al., [2001](#tbed12285-bib-0036){ref-type="ref"}; Barlow et al., [2012](#tbed12285-bib-0002){ref-type="ref"}; Duarte et al., [2013](#tbed12285-bib-0025){ref-type="ref"}). In some instances, the lack of sequence analyses of the VP2 protein gene or of the sophisticated molecular tools, such as MGB probe assays, prevented any definitive characterization of the parvoviruses circulating in wild carnivores (Martinello et al., [1997](#tbed12285-bib-0031){ref-type="ref"}; Burtscher and Url, [2007](#tbed12285-bib-0005){ref-type="ref"}; Duarte et al., [2012](#tbed12285-bib-0024){ref-type="ref"}).

The present study provides a useful contribution to the understanding of the carnivore parvovirus evolution and epidemiology in the European continent, thus helping define the most appropriate vaccination strategies in the different carnivore species.
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